Introduction
============

In the United States, concerns about the opioid crisis---the rise in deaths from overdose[@ref1] and opioid use disorders[@ref2] [@ref3] [@ref4]---has prompted a range of initiatives to mitigate the risks associated with prescribing opioids for chronic pain, and to encourage tapering or stopping when risks exceed benefits.[@ref5] [@ref6] [@ref7] [@ref8] [@ref9] [@ref10] [@ref11] [@ref12] [@ref13] These efforts have seen a fall in the prescribing of opioids by 35% between 2012 and 2017, per 100 000 people.[@ref14] Guidance on reducing opioids typically warns against sudden changes to care. For example, a Veterans Affairs/Department of Defense Guideline specifies that "\[a\]brupt discontinuation should be avoided unless required for immediate safety concerns."[@ref13] Some studies suggest a rise in adverse events after stopping treatment with opioids, but national studies with large sample sizes are lacking.

In 2012, a retrospective study was conducted in the Veterans Health Administration of 509 veterans whose long term treatment with opioids was stopped. Patients with substance use disorders were matched to patients with no disorders. The researchers found evidence of suicidal thoughts and self-harm in patients with and without substance use disorders who ended treatment with opioids after long term use.[@ref15] A nested case-control study from Kaiser Permanente Colorado in patients on long term treatment with opioids between 2006 and 2017 (228 patients who took an overdose of opioids matched to 3547 control patients) found that variations in the dose of opioid increased the likelihood of overdose. Stopping treatment for at least three months (that is, 0 mg of morphine equivalence) mitigated the risk.[@ref16] In an analysis of Vermont Medicaid data between 2013 and 2017 of 494 patients treated with high doses of opioids for long periods of time who stopped taking opioids, researchers found that almost half had been admitted to hospital or visited the emergency department for an opioid or substance use related event, after they had stopped treatment.[@ref17] The impact of stopping treatment in 572 patients on long term treatment with opioids was examined in a safety net primary care clinic in Seattle with opioid registry data from 2010 to 2015. Stopping opioid treatment was associated with an increased risk of death from overdose[@ref18] but the analyses could not assess the characteristics of the patients that might have contributed to the deaths. These characteristics could be important because patients with substance use disorders and mental health diagnoses have historically been more likely to be treated with opioids for chronic pain,[@ref19] which might increase the risk for psychiatric or medical instability when treatment with opioids is stopped.[@ref15] [@ref20] [@ref21] Given these uncertainties, Frank and colleagues called for research on the impact of reducing the prescribing of opioids.[@ref22]

The Veterans Health Administration has taken a multifaceted approach to the safety of prescribing opioids. Sequential safety initiatives produced a 37% reduction in the prescribing of opioids between 2014 and 2016, largely by reducing the introduction of long term use of opioids, but also by reducing opioid treatment in some long term users.[@ref23] [@ref24] [@ref25] The purpose of our evaluation was to examine the likelihood of death from overdose or suicide in veterans prescribed opioid analgesics in the early implementation period of the Veterans Health Administration's opioid safety initiative.[@ref24] We studied the interaction between stopping opioid treatment and length of opioid use because opioid tolerance, dependence, and addictive behaviors might develop with longer exposure to opioids and might contribute to the risk of death from overdose or suicide after treatment with opioids is stopped.[@ref21],[@ref26] [@ref27] [@ref28]

Methods
=======

Stanford University's institutional review board determined that this quality improvement project was not research.

Patient population
------------------

The Veterans Health Administration's Corporate Data Warehouse (extracts from electronic medical record data) identified patients with an outpatient prescription for an opioid analgesic in fiscal year 2013 (1 October 2012 to 30 September 2013). Opioids used to treat opioid use disorders were excluded (eg, sublingual buprenorphine formulations). Opioid prescriptions were for short acting or long acting drugs. Short acting opioids were butorphanol, codeine, dihydrocodeine, hydrocodone, hydromorphone, meperidine, morphine, opium/belladonna, oxycodone, oxymorphone, pentazocine, tapentadol, and tramadol. Long acting opioids were fentanyl transdermal patch, buprenorphine transdermal patch, methadone (excluding methadone from licensed opioid treatment programs), sustained release hydromorphone, sustained release morphine, sustained release oxycodone, sustained release oxymorphone, sustained release tapentadol, and sustained release tramadol.

Evaluation period
-----------------

We examined the last opioid prescription episode in fiscal year 2013 and death related to overdose or suicide to the end of fiscal year 2014. Thus the evaluation period was 1 October 2012 to 30 September 2014 (fiscal year 2013 to fiscal year 2014).

Measures
--------

Prescribing data for opioids and personal patient data for fiscal year 2013 (age, sex, current marital status, rural residence), number of Elixhauser medical diagnoses,[@ref29] and diagnoses for mental health and substance use disorders were from the Veterans Health Administration's Corporate Data Warehouse.[@ref21] Prescribing data for opioids were used to identify a patient's last opioid prescription episode in fiscal year 2013, maximum daily morphine milligram equivalents for an opioid prescription, type of opioid treatment, date of stopping treatment, and status of treatment (stopped or continued).

### Last opioid prescription episode in fiscal year 2013

Opioid prescription episodes were identified by the drug name, quantity, days' supply, and release dates for each patient with an opioid prescription from 1 October 2012 to 30 September 2014. We identified the last opioid prescription episode in fiscal year 2013 for every patient. To identify the start and end dates of an opioid prescription episode, prescription data were tracked for five years before the date of death or the end of the next fiscal year. An opioid prescription episode was defined as a period in which gaps in possession of opioids never exceeded twice the days' supply for a newly written prescription, 180 days between releases of a refill of an existing prescription, or 300 days between any two prescription releases regardless of refill status.

### Length of last opioid prescription episode in fiscal year 2013

The length of the last opioid prescription episode in fiscal year 2013 was calculated with the start and end dates of the last prescription for opioids (categorized as ≤30, 31-90, 91-400, and \>400 days). This variable is described as length of treatment with opioids.

### Maximum daily morphine milligram equivalents

Morphine equivalents for each patient's opioid prescription(s) were calculated for fiscal year 2013 with the method described by the Centers for Disease Control and Prevention for calculating the daily amount of opioid prescriptions---that is, converting each opioid prescription into daily morphine milligram equivalents and adding them together.[@ref30] Daily morphine milligram equivalents for each patient's Veterans Health Administration opioid prescription(s) were added together to give the maximum daily morphine milligram equivalents. The statistical analyses used log maximum daily morphine milligram equivalents.

### Type of opioid treatment

Type of treatment was the opioid prescribed in fiscal year 2013 (hierarchical classification): long acting opioid, short acting opioid, or tramadol only.[@ref31] [@ref32]

### Date of stopping treatment and opioid status

The date when treatment with opioids was stopped was estimated for each patient as the date of the last prescription for opioids in addition to the days' supply. The date when opioid treatment was stoppedwas when patients were estimated to have no pills, if that occurred before the date of death or before the end of fiscal year 2014. For descriptive use only, the date when treatment with opioids was stopped was used to create a binary status variable: stopped or continued treatment with opioids. Patients were assigned to a stopped or continued treatment group. Patients in the continuing treatment group were estimated to have pills on hand at the time of death or at the end of fiscal year 2014.

Outcome measure
---------------

Our previous work with this population found similar risk factors for overdose and suicide,[@ref21] and thus the primary outcome in this evaluation was a binary variable of death caused by overdose (including opioid, sedative, acetaminophen, or other drug poisoning) or suicide, according to ICD-10 (international classification of diseases, 10th revision), 10th revision, from the National Death Index search results of the Veterans Affairs/Department of Defense Mortality Data Repository (appendix 1). Deaths from overdose and suicide were not limited to those involving opioids.

The Veterans Affairs and Department of Defense jointly search the National Death Index for data on numbers and causes of death as part of their surveillance on suicide. Searches involve matches with death certificates in the National Death Index, based on name, social security number, date of birth, sex, race, and marital status. The National Death Index matches records in a two step process. The first step is selection of potential matches based on seven matching criteria: social security number; exact month and within a year of birth, and first and last name; exact month and within a year of birth, first and middle initials, and last name; exact month and day of birth, and first and last name; exact month and day of birth, first and middle initials, and last name; exact month and year of birth, first name, and father's surname; and if the patient is a woman, exact month and year of birth, first name, last name (on user's record), and father's surname (on National Death Index record). A scoring and classification procedure results in a probabilistic score and suggested final match by the National Death Index. A possible match is a record that matches one of the seven criteria. The Veterans Affairs uses algorithms to find the best of all possible matches. Possible matches are run through several sets of potential true match criteria. A match is counted if a possible match meets one of the sets of criteria. Matches are run through additional criteria to determine a best match for each social security number by ranking the matching variables of the National Death Index by order of importance. The record with the highest priority matching criteria is selected for each social security number.

Cox non-proportional hazards regression model
---------------------------------------------

We used SAS PHREG (UNIX SAS version 9.2; Executive Information Systems, Bethesda, MD) to conduct a Cox non-proportional hazards regression model that analyzed the last opioid prescription episode started in fiscal year 2013, with death from overdose or suicide as the primary outcome. The main covariate of interest was the interaction of time varying opioid cessation (date of stopping treatment) by length of treatment with opioids (≤30, 31-90, 91-400, and \>400 days). SAS PHREG can test and correct for violations of proportional hazards assumptions inherent in the proposed model that includes an interaction with a function of time (length of treatment with opioids).[@ref33] [@ref34] Consistent with approaches that incorporate time related variables, length of treatment with opioids was only included in the interaction term with stopping opioid treatment. We also included stopping opioid treatment as a time varying covariate to help avoid immortal time bias.[@ref35] [@ref36] Also, to account for potential bias introduced by opioid treatment before the start of the observation period (that is, the index fiscal year), entry into the model was left censored based on length of opioid use before fiscal year 2013. For example, patients with an opioid prescription episode 30 days before the start of fiscal year 2013 were not included in the risk pool for the first 30 days of their treatment because patients could not have died from suicide or an overdose before the start of fiscal year 2013 and still enter the study. Thus patients were not included in the model until they entered the outcome observation period, with the index date for the model being the start of fiscal year 2013 (1 October 2012) for patients treated with opioids before fiscal year 2013 or the start date of the last opioid prescription episode that occurred in fiscal year 2013 for patients who were not treated with opioids before fiscal year 2013. Also, all models were adjusted for baseline demographic characteristics; number of medical diagnoses; diagnosis of a mental health, substance use, or nicotine use disorder; type of opioid treatment; and the log of the maximum daily morphine milligram equivalents. The analyses excluded individuals with incomplete data. Patients who died from causes other than overdose or suicide were right censored at the time of death. Cox non-proportional hazards regression models were also conducted for overdose and suicide outcomes separately as sensitivity analyses.

Life table descriptive data
---------------------------

We used SAS LIFETEST to better understand the potential clinical impact of the interaction between stopping treatment with opioids and length of treatment on death from overdose or suicide over time. With SAS LIFETEST, we created life tables that characterized observed death rates for overdose and suicide calculated every 25 days. Two life tables were created, the first characterized death from overdose or suicide in patients while treated with opioids and after stopping treatment, and the second characterized death from overdose or suicide after stopping treatment with opioids by length of treatment. For the first life table, death rates for overdose or suicide for patients who started an opioid prescription in fiscal year 2013 (to address immortal time bias for patients who started treatment before fiscal year 2013) were calculated from the start date of their last opioid prescription, when treated with opioids. For patients in the group who stopped treatment with opioids, death rates were calculated from the date of stopping treatment because, by definition, patients had to have survived up to the date of stopping treatment to enter this group. The first life table essentially shows death rates for overdose and suicide in patients who continued to be treated with opioids by length of treatment. The second life table was created to show death rates in patients who stopped treatment with opioids by length of opioid treatment. Appendix 2 includes a heuristic summary of the data assembly method used in this evaluation.

Patient and public involvement
------------------------------

Although patients and the public were not directly involved in this evaluation, the questions were informed by the concerns of patients and the public, as expressed directly through congressional representatives or the media to the Veterans Health Administration, the experiences of authors involved in this evaluation, and the concerns about potential iatrogenic effects of stopping treatment with opioids. As this was a quality improvement project, the findings have been shared internally on numerous national calls of the Veterans Health Administration with leadership and providers. A national workgroup was convened to identify additional quality improvement efforts to address findings from this evaluation (eg, medication use evaluation, natural language processing approaches). The Veterans Health Administration computerized decision support systems have been updated to highlight risks and facilitate monitoring and risk management of patients after stopping treatment with opioids.

Results
=======

The number of patients with an outpatient prescription for an opioid analgesic in fiscal year 2013 was 1 394 102. [Table 1](#tbl1){ref-type="table"} describes the characteristics of the patients based on treatment with opioids for fiscal year 2013. The incidence of stopping treatment with opioids was 57.4%. Mean age of the patients was around 60 years, about 8% were women, around half were married, and most (61%) lived in urban areas. Just over half had three or more medical diagnoses. Alcohol use disorders were diagnosed in about 10% of patients and nicotine use disorders in about 22%. The most common mental health conditions were depressive disorders and post-traumatic stress disorder.

###### 

Characteristics of patients by status of opioid treatment in fiscal year 2013

  Characteristics of patients                                               Stopped opioid treatment   Continued opioid treatment
  ------------------------------------------------------------------------- -------------------------- ----------------------------
  No (%) of patients                                                        799 668 (57.4)             594 434 (42.6)
  Mean (SD) age (years)                                                     59.8 (15.4; 5 missing)     61.3 (12.6; 6 missing)
  No (%) of women                                                           70 299 (8.8)               42 691 (7.2)
  No (%) currently married                                                  384 211 (48.0)             300 073 (50.5)
  Residence location:                                                                                  
   No (%) in urban areas                                                    515 452 (64.5)             344 722 (58.0)
   No (%) in rural areas                                                    284 216 (35.5)             249 712 (42.0)
  Mean (SD) No of medical diagnoses                                         2.9 (2.3)                  3.1 (2.2)
  No (%) of patients with 0 to ≥5 medical diagnoses:                                                   
   0                                                                        109 958 (13.8)             51 935 (8.7)
   1                                                                        139 174 (17.4)             97 395 (16.4)
   2                                                                        149 358 (18.7)             116 378 (19.6)
   3                                                                        130 677 (16.3)             106 613 (17.9)
   4                                                                        98 644 (12.3)              81 674 (13.7)
   ≥5                                                                       171 857 (21.5)             140 439 (23.6)
  No (%) diagnosed with substance use disorders:                            116 830 (14.6)             82 006 (13.8)
   Nicotine                                                                 165 993 (20.8)             145 973 (24.6)
   Alcohol                                                                  85 205 (10.7)              56 322 (9.5)
   Drug                                                                     66 282 (8.3)               46 102 (7.8)
   Cannabis                                                                 25 467 (3.2)               14 697 (2.5)
   Opioid                                                                   16 213 (2.0)               13 177 (2.2)
   Barbiturate                                                              3,276 (0.4)                2,112 (0.4)
  No (%) of patients with mental health diagnoses:                          343 478 (42.9)             289 636 (48.7)
   Affective disorders                                                      29 049 (3.6)               22 898 (3.8)
   Schizophrenia                                                            15 637 (2.0)               10 242 (1.7)
   Post-traumatic stress disorder                                           144 758 (18.1)             121 388 (20.4)
   Major depressive disorder)                                               78 066 (9.8)               70 570 (11.9)
   Other depressive disorders                                               185 654 (23.2)             159 747 (26.9)
   General anxiety disorder                                                 20 773 (2.6)               18 631 (3.1)
   Anxiety otherwise unspecified                                            81 315 (10.2)              67 058 (11.3)
   Other psychiatric diagnoses                                              12 912 (1.6)               8,548 (1.4)
  Mean (SD) maximum daily morphine mg equivalents for opioid prescription   26.8 (35.0; 2 missing)     43.2 (66.1)
  Opioid treatment type:                                                                               
   No (%) long acting opioids                                               36 677 (4.6)               97 970 (16.5)
   No (%) short acting opioids                                              560 364 (70.1)             386 743 (65.0)
   No (%) tramadol only                                                     202 627 (25.3)             109 721 (18.5)

SD=standard deviation.

In fiscal year 2013, 10% of patients were prescribed long acting opioids (n=134 647), 68% short acting opioids (n=947 107), and 22% tramadol only (n=312 348). Because we evaluated all patients with an outpatient prescription for an opioid analgesic (including those with short term prescriptions for acute postoperative or post-injury conditions), most were treated with short acting opioids, as expected. A higher proportion of patients who continued treatment with opioids were prescribed long acting opioids than those who stopped treatment with opioids. Maximum morphine milligram equivalents for an opioid prescription was nearly twice as high in patients who continued with their opioid treatment compared with those who stopped treatment.

We conducted a multivariable Cox non-proportional hazards regression model on 1 394 089 patients in fiscal year 2013 (13 patients were excluded because of missing data) with 2887 deaths from overdose or suicide (1851 overdose, 1249 suicide; deaths from overdose or suicide were not mutually exclusive). Thirty two per cent of patients were prescribed opioids for up to 30 days (n=445 918), 9% for 31-90 days (n=121 294), 23% for 91-400 days (n=316 520), and 36% for longer than 400 days (n=510 370). We found a significant interaction between stopping treatment with opioids and length of treatment that suggested a greater risk of death from overdose or suicide after stopping treatment the longer patients were treated with opioids (P\<0.001; [table 2](#tbl2){ref-type="table"}). Specifically, the hazard ratios for patients who stopped opioid treatment (with reference values for all other covariates) were 1.67 (≤30 days), 2.80 (31-90 days), 3.95 (91-400 days), and 6.77 (\>400 days). Other factors independently associated with a greater risk of death from overdose or suicide were prescriptions for long acting or short acting opioids compared with tramadol, log maximum daily morphine milligram equivalents, number of medical diagnoses, and having a diagnosis of a mental health or substance use disorder. Older age, female sex, and being married were independently associated with a lower risk of death from overdose or suicide.

###### 

Multivariable Cox non-proportional hazard regression model estimates for death from overdose or suicide in patients with an outpatient prescription for an opioid in fiscal year 2013 at the Veterans Health Administration

  Variables                                                                                          Parameter estimate   Standard error   Hazard ratio (95% CI)
  -------------------------------------------------------------------------------------------------- -------------------- ---------------- -----------------------
  Stopped treatment with opioids                                                                     1.91                 0.06             ---\*
  Stopped treatment with opioids×duration of last prescription for opioids (reference \>400 days):                                         
   ≤30 days                                                                                          −1.40                0.08             ---\*
   31-90 days                                                                                        −0.88                0.11             ---\*
   91-400 days                                                                                       −0.54                0.08             ---\*
  Age (centered)                                                                                     −0.02                0.002            0.98 (0.98 to 0.98)
  Female sex                                                                                         −0.57                0.08             0.56 (0.48 to 0.66)
  Currently married                                                                                  −0.63                0.04             0.53 (0.49 to 0.58)
  Rural residence                                                                                    −0.07                0.04             0.93 (0.86 to 1.01)
  No of medical diagnoses                                                                            0.02                 0.01             1.02 (1.01 to 1.04)
  Substance use disorder (excluding nicotine)                                                        0.91                 0.05             2.48 (2.25 to 2.72)
  Nicotine use disorder                                                                              0.03                 0.04             1.03 (0.95 to 1.12)
  Mental health disorder                                                                             0.43                 0.04             1.54 (1.41 to 1.68)
  Type of opioid treatment (reference tramadol only):                                                                                      
   Long acting                                                                                       0.44                 0.08             1.55 (1.33 to 1.82)
   Short acting                                                                                      0.15                 0.06             1.16 (1.04 to 1.30)
  Log maximum daily morphine mg equivalents                                                          0.35                 0.03             1.42 (1.34 to 1.50)

Hazard ratios and associated 95% confidence intervals were not estimated for these variables as this was an interaction model. To better understand the interaction, the estimated hazard ratios for patients who stopped opioid treatment (with reference values for all other covariates) were 1.67 (≤30 days), 2.80 (31-90 days), 3.95 (91-400 days), and 6.77 (\>400 days).

Sensitivity analyses examining multivariable Cox non-proportional hazards regression models for death from overdose and suicide separately found the same general pattern of results as the combined model (appendix 3). Stopping treatment with opioids was associated with a greater risk of death from overdose and suicide the longer patients were treated with opioids. Specifically, for death from overdose, the hazard ratios for patients who stopped treatment with opioids (with reference values for all other covariates) were 1.39 (≤30 days), 2.41 (31-90 days), 3.25 (91-400 days), and 5.65 (\>400 days), and the corresponding hazard ratios for death from suicide were 2.02 (≤30 days), 3.43 (31-90 days), 4.78 (91-400 days), and 7.99 (\>400 days). In the combined model, we found no association between rural residence and death from overdose or suicide, whereas rural residence was associated with a lower risk of death from overdose but a higher risk of death from suicide in the separate models. The pattern of significant results was similar in the combined and overdose models, respectively, for age (P\<0.001; P\<0.001), number of medical diagnoses (P\<0.05; P\<0.001), and short acting opioids (P\<0.01; P\<0.05), but in the suicide model, age and short acting opioids were not significant. The number of medical diagnoses was associated with a lower risk in the suicide model (P\<0.05) compared with a higher risk in the combined and overdose models.

[Figure 1](#f1){ref-type="fig"} (top panel) shows life table descriptive data over 375 days, with the conditional probabilities of death from overdose or suicide for patients treated with opioids who started an opioid prescription in fiscal year 2013 (n=952 918) and for patients who stopped treatment (n*=*799 668). The risk of death from overdose or suicide was increased for three months after starting or stopping opioid treatment. The incidence of death was increased more, however, in the three months after stopping treatment with opioids with the rates not stabilizing for almost six to 12 months after stopping. The full life table descriptive data for [figure 1](#f1){ref-type="fig"} (top panel) are in appendix 4.

![Conditional probability of death from overdose or suicide over 375 days (in 25 day intervals). Top panel=probability in patients treated with opioids (for patients who started treatment with opioids (n=952 918) in fiscal year 2013) and after stopping opioid treatment (n=799 668). Bottom panel=probability by length of treatment with opioids in those who stopped opioid treatment](olie051219.f1){#f1}

[Figure 1](#f1){ref-type="fig"} (bottom panel) shows the life table descriptive data over 375 days, illustrating the interaction between stopping treatment with opioids and length of treatment. In the first 25 days after stopping treatment, deaths per 100 000 patients based on length of opioid treatment were 20 (≤30 days), 40 (31-90 days), 58 (91-400 days), and 104 (\>400 days). The pattern of increased numbers of deaths in the first three months after stopping treatment with opioids for all time periods was similar to [figure 1](#f1){ref-type="fig"} (top panel), but stabilization across the longer times (31-90, 91-400, and \>400 days) was not as clear, with variability observed from three to 12 months after stopping treatment with opioids. The full life table descriptive data for [figure 1](#f1){ref-type="fig"} (bottom panel) are in appendix 5.

Discussion
==========

Principal findings
------------------

In this quality improvement evaluation, we examined the risk of death from overdose or suicide associated with stopping treatment with opioids and length of treatment, in patients in the Veterans Health Administration prescribed opioids in fiscal year 2013. We found that the interaction between stopping treatment and length of treatment with opioids was associated with an increased risk of death from overdose or suicide the longer patients had been treated with opioids before stopping. The risk was pronounced in patients treated the longest. Also independently associated with a greater risk of death from overdose or suicide were not being married, male sex, having a diagnosis of a mental health or substance use disorder, medical comorbidities, and higher doses of opioids, similar to previous reports.[@ref26] [@ref27] [@ref28] [@ref37] Our descriptive analyses showed the rise in the number of deaths from overdose or suicide in the months after stopping or starting opioid treatment, highlighting these vulnerable risk periods for patients. Our findings suggest that transitions (starting and stopping treatment) were associated with an increase in the risk for overdose and suicide for patients treated with opioids for any length of time, with increasing risk the longer patients were treated.

Comparisons with other studies
------------------------------

Previous studies focused mostly on smaller regional samples of patients treated with high doses of opioids or for long periods of time,[@ref17] [@ref18] whereas our study used national data from the Veterans Health Administration and included all patients prescribed opioids. All patients exposed to opioids had an increased risk of death from overdose or suicide after starting or stopping treatment with opioids. Although patients treated with opioids for long periods (eg, \>400 days in our evaluation) had the highest hazard ratios after stopping treatment, even those treated for up to 30 days had a rise in the risk of death after treatment was stopped (hazard ratio of 1.4 for death from overdose after stopping opioid treatment and 1.7 for death from overdose or suicide). Those treated with opioids for 31-90 days had a hazard ratio of 2.4 for death from overdose after stopping opioid treatment (2.8 for death from overdose or suicide). Our study reinforces the importance of the first three months after stopping opioid treatment, extending the high risk period from 77 days[@ref17] to at least 100 days.

Priorities for future research
------------------------------

Future research should examine factors that might affect the risk or explain these findings. Glanz et al[@ref16] found that high dose variability was a major predictor of increased risk for opioid overdose, and the rate of tapering has been hypothesized to moderate the risk after stopping treatment. This is concerning given that Mark et al[@ref17] found that over half of patients treated with high doses of opioids for long periods of time suddenly stopped treatment with no reductions in dose (in one day), with 86% stopping within 21 days. The reasons for stopping treatment are also important. Demidenko et al[@ref15] found evidence of suicidal thoughts and self-harm in patients with and without substance use disorders whose clinicians stopped their long term treatment with opioids. James et al[@ref18] observed an increased risk of death from overdose in patients whose provider initiated stopping treatment although the findings were not statistically significant. In 77% of patients, at least one reason for stopping treatment came from the patients' providers whereas in only 18% had the patient decided to stop treatment. The risk of stopping treatment might reflect worsening pain, conflicts with or disengagement from providers, particularly during exacerbations of mental health disorders (eg, aberrant behaviors, substance misuse, or mania), symptoms related to withdrawal, or a combination of these factors.[@ref15] [@ref38] [@ref39] Our findings suggest that future studies should include all patients prescribed opioids, not just those on long term treatment, and look at suicide behaviors in addition to outcomes of overdose.

Our evaluation did not focus solely on long term treatment with opioids or whether stopping treatment was voluntary, but our findings raise questions on whether evaluating stopping treatment with opioids in isolation is an effective population based strategy to reduce death from overdose or suicide. As we observed risks associated with starting and stopping treatment, our findings are consistent with: the recommendations in the Veterans Affairs/Department of Defense Clinical Practice Guideline against starting long term opioid treatment,[@ref13] the recently released guide for clinicians from the US Department of Health and Human Services on the appropriate dose reduction or discontinuation of long term opioid analgesics (HHS guide),[@ref40] [@ref41] an article by some of the lead authors of the guidelines from the Center for Disease Control and Prevention on long term prescribing of opioids[@ref42] highlighting the need for close monitoring and mitigation of risk after reducing or stopping treatment with opioids to avoid adverse outcomes, and the guidelines from the Veterans Affairs/Department of Defense and Center for Disease Control and Prevention to reduce reliance on opioids for the treatment of acute pain conditions.[@ref43] More research is needed to understand outcomes after stopping treatment with opioids in practice, particularly when to stop and which patients might benefit or be harmed by stopping treatment. Death from overdose or suicide was not limited to those with a prescription for opioids in this evaluation; patients who stopped treatment might have had unmanaged pain, or symptoms of opioid withdrawal and mood instability, which could have driven other risky strategies to obtain relief (eg, illicit opioids, sedating medications, self-harm). A better understanding of the risk after stopping treatment with opioids might help inform and improve the clinical care and outcomes for these patients.

Implications for clinical care
------------------------------

For clinical care, our findings suggest that patient centered efforts to mitigate the risk of death from overdose or suicide in patients prescribed opioids need to look at a broad array of risk factors for patients rather than focus solely on long term prescription management. Our findings suggest close monitoring for at least three months for any patient stopping treatment with opioids but especially in those on long term treatment or those with other risk factors (eg, mental health and substance use disorders). Pain conditions that required prescription of opioids, along with comorbid conditions, should be continually managed and treated. Surveillance, engagement with patients, and efforts to mitigate the risks are important when treatment is started and stopped, and especially in patients who have been treated with opioids for a long period of time before stopping.

Preservation of relationships with healthcare providers is important because the reasons for their concerns about prescribing opioids (eg, mental health or substance use disorders, polypharmacy, medical comorbidities, or social risks) might be the same issues that place patients at risk for overdose or suicide after stopping or starting treatment with opioids. Thus clinicians should avoid dismissing patients from care, ensure that patients continue to receive coordinated care, and have policies that allow them to account for each patient's unique circumstances when making clinical decisions about prescribing opioids.[@ref40] [@ref41] [@ref42] Also, more detailed guidance and standard mitigation of risk after stopping or starting treatment with opioids (eg, guidance on prescription drug monitoring programs, urine drug screening, prescription of naloxone, frequency of follow-up appointments, evaluation of suicide risk) might be warranted. In general, implementing recommended safety strategies for starting patients on long term opioid treatment (eg, close monitoring, engagement with patients, pain management) might be relevant even for short term treatment, and is especially important after stopping treatment, particularly in those patients ending longer courses of opioids.

Limitations of the study
------------------------

There are limitations to this evaluation. First, an observational evaluation cannot prove cause and effect and is subject to confounding. We cannot say from these data whether the increased risk was caused by a change in prescription; circumstances that triggered the decision to start or stop prescribing an opioid (eg, illness, injury, development of addiction, or other adverse events) might drive the increased risk of overdose or suicide. Second, our primary variable (stopping treatment with opioids) did not take into consideration the reasons or clinical intentions for stopping, or the speed of its execution.[@ref41] [@ref44] We did not record whether patients stopped treatment voluntarily or because their pain resolved, or if they were concerned about adverse outcomes. Moreover, because we included all patients prescribed opioid analgesics (a large proportion of whom were treated with short acting opioids), we expected our findings would be biased towards a lower risk associated with stopping treatment, because many patients stop taking opioids after recovery from short term injuries whereas long term pain is a risk factor for suicide.[@ref45] [@ref46] [@ref47] The interaction between stopping treatment with opioids and length of treatment suggested a lower risk for patients treated for shorter periods, but the risks were relatively high even in patients prescribed opioids for 90 days or less. Third, we lacked data on adherence to treatment, access to unused drugs after the estimated prescription period, and opioids obtained outside of the Veterans Health Administration. Fourth, to ensure that the risks were not related to restarting treatment with opioids after stopping, we examined the number of patients who had another opioid prescription in fiscal year 2014 after the date of stopping treatment in fiscal year 2013 to fiscal year 2014 (that is, after the date of stopping treatment for their last opioid prescription episode identified in fiscal year 2013 but within our observation period of fiscal year 2013 to fiscal year 2014). Of the 799 668 patients who stopped treatment with opioids in our evaluation, 4071 (0.5%) had another prescription for an opioid in fiscal year 2014 after their date of stopping treatment. None of these 4071 patients died of suicide or overdose during our evaluation period. Finally, our findings might not apply to other populations.

Conclusions
-----------

The patients in our evaluation were at greater risk of death from overdose or suicide after stopping treatment with opioids, with the risk increasing the longer patients had been treated before stopping. Our descriptive data suggested starting treatment with opioids is a risk period. In general, our evaluation identified the first three months after starting or stopping treatment with opioids as risk periods that offer clear opportunities for clinical intervention to improve the safety of prescribing opioids. These periods have not been a focus of guidelines for long term treatment with opioids.

Close monitoring of patients for up to one year after stopping treatment with opioids might be warranted. We suggest that efforts to reduce deaths from overdose and suicide take a broader view on patient safety, beyond opioid management, to mitigate the risk from the patient's perspective. Efforts should look at risk factors that might place patients at risk for overdose or suicide whether they continue or stop treatment with opioid analgesics. Greater preventative measures and engagement with healthcare providers are needed in the first three months after starting or stopping treatment with opioids.

### What is already known on this topic

1.  In the US, a rise in deaths from overdose and opioid use disorders has prompted initiatives to reduce the risks associated with prescribing opioids, encouraging stopping treatment when risks exceed benefits

2.  Studies have identified a rise in adverse events (death from overdose, suicidal thoughts, self-harm, and hospital admissions or emergency department visits for substance related events) after stopping treatment with opioids in patients treated long term

### What this study adds

1.  In patients prescribed opioids in the Veterans Health Administration, stopping treatment with opioids at any time had an increased risk of death from overdose or suicide, with the risk increasing the longer patients were treated

2.  Efforts to mitigate the risk (patient monitoring, prevention of suicide and overdose) should be intensified for at least three months after starting or stopping treatment with opioids

We thank Eleanor Lewis for feedback on drafts of this paper and acknowledge the sacrifices of men and women who have served in the US military.
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Dissemination to participants and related patient and public communities: We shared preliminary findings from an early version of this evaluation in the Fall 2018 with the US Food and Drug Administration when the agency was looking into the risk associated with stopping treatment with opioids (note: the US Food and Drug Administration released a safety announcement on 9 April 2019, on the harms of sudden discontinuation of opioids ([www.fda.gov/drugs/drug-safety-and-availability/fda-identifies-harm-reported-sudden-discontinuation-opioid-pain-medicines-and-requires-label-changes](http://www.fda.gov/drugs/drug-safety-and-availability/fda-identifies-harm-reported-sudden-discontinuation-opioid-pain-medicines-and-requires-label-changes)) which received substantial public attention). Findings and recommendations from this study will be incorporated into the Veterans Health Administration's nationally standardized patient and provider educational materials and computerized decision support systems designed to support risk-benefit and opioid management discussions for patients on or considering opioid prescriptions. These standardized tools are used in required informed consent discussions for chronic opioid treatment and risk reviews before starting opioids and are provided to support ongoing management of patients treated with opioids. At the time of acceptance of the manuscript, this revision process is in progress and has been partially implemented. The authors will work with the Veterans Health Administration Communications to develop a press release on the findings to increase public awareness, subsequent to publication of the manuscript.
